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We calculate polarization phenomena for virtual Compton scattering on protons, at relatively large 
momentum transfer 1 GeV 2 < — q 2 < 5 GeV 2 on the basis of a model for 7* + p — » 7 + p with two 
main contributions: 7r°-exchange in t— channel and A-excitation in s-channel. This model applies 
from threshold to A region. The parameters entering in this model, such as coupling constants and 
electromagnetic form factors are well known. The analyzing powers for 7* + p — > 7 + p and the 
components of the final proton polarization in 7* + p — > 7 +p are large in absolute value and show 
strong sensitivity to it A interference. These results can be applied to the calculation of radiative 
corrections to polarization phenomena in elastic ep-scattering. 



I. INTRODUCTION 



A precise experiment recently performed at JLab, with longitudinally polarized electrons and measurement of 
the polarization of the outgoing proton e _ + p — > e~ + p, showed that the ratio between the electric and the 
magnetic proton form factors, Ge p /Gmp, strongly deviates from unity, as the momentum transfer — q 2 increases. 
This means that if one assumes that the magnetic form factor has a dipole behavior, following ii p Gd, where Gd is 

the dipole form factor: Gd = 1/ [l — q 2 /0.71 GeV 2 ] 2 , then Ge p decreases faster than Gd and Gm p in the measured 
interval. In other words, the charge distribution inside the proton differs from the magnetic distribution, contrary to 
what has been currently assumed. These results evidently arise new theoretical interest to the problem of radiative 
corrections to polarization observables in elastic electron-proton scattering. It is well known that radiative corrections 
are particularly important for high resolution experiments. In case of unpolarized particles, radiative corrections to 
\ the cross section in elastic ep-scattering are usually included in the experimental data, according the calculations of 
Mo and Tsai 0. The size of these corrections at large momentum transfer, q 2 , become very important, reaching 
30-50 % at q 2 ~ 3 GeV 2 . On the other side, the effects of radiative corrections on polarization observables are 
only recently studied (|,||]. In ref. || it was shown that, in the limiting case of the soft photon approximation, the 
matrix element of elastic ep-scattering can be factorized. In this limit all polarization phenomena can not depend on 
radiative corrections, which cancel exactly. The two-photon mechanism enters only as a compensation of the infrared 
divergency: the standard calculations of radiative corrections for eh scattering contain the contribution of two-photon 
exchange where most of the transferred momentum is carried by one virtual photon, while the other photon has very 
small momentum. 

But more than 30 years ago, it was observed that in the two-photon exchange mechanism, another piece 

of phase space, corresponding to equivalent sharing of momentum transfer between the two virtual photons, must 
be taken into account. And the steep decreasing of the nucleon form factors with q 2 results, in this case, in an 
essential increasing of the relative role of two-photon exchange and in the violation of the simple a-counting rule. 
Semi-quantitative considerations have shown that such contribution must be carefully taken into consideration in the 
differential cross section and in polarization phenomena as well. 

Experimental evidence of such mechanism, through its interference with the main one-photon exchange, has been 
searched in a model independent re-analysis of the recent ed elastic scattering data at relatively large momentum 
transfer ||. 

The diagrams to be considered typically in any analysis of radiative corrections at the lowest order in a are the 
following (Fig. 1): 

1. the one-photon exchange diagram (Fig. la); 

2. the two-photon contributions (double virtual Compton scattering on the hadron A) (Figs, lb and lc); 

3. the Bethe-Heitler mechanism (Figs. Id and le); 
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4. Virtual Compton scattering (VCS) (Fig. If). 



One expects, a priori, that the interference between these mechanisms (more exactly between the mechanisms 1 
and 2 or 3 and 4) plays an important role. 

Radiative corrections to polarization phenomena in elastic ep scattering, using the standard QED technique (Bethe- 
Heitler mechanism and infrared box) has been calculated in ref. |l(J, and gives expected small effects. 

Larger effects arc predictable in calculations including the above two-photon exchange mechanism. Such calculation, 
even in model-dependent form, has to be performed. The same is correct also for the VCS contribution, which is the 
object of the present paper. 



We will consider here the process 7* + p — > 7 + p and calculate the contributions to the cross section and to 
polarization observables due to the two mechanisms described by the Feynmann diagrams shown in Fig. |^. We are 
interested in a specific kincmatical region, concerning the effective mass of the final 7 + p-system: from threshold to 
the A-region at relatively large momentum transfer, q 2 , in the space-like region, more precisely, for 1 GeV 2 < — q 2 < 
5 GeV 2 . This region is particularly interesting in view of the interpretation of recent data on elastic scattering 
of longitudinally polarized electrons by protons, with measurement of the polarization of the scattered proton [0. 
The information on electromanetic form factors that can be extracted is very important for hadron electrodynamics, 
therefore the estimation of the radiative corrections for polarization observables in elastic ep-scattering appears a 
necessary procedure. Virtual Compton scattering, 7* +p — > 7+p, is an important ingredient of the complete program 
for the calculation of radiative corrections for ep-elastic scattering described above. 

Moreover VCS, in these specific kinematical conditions, (i.e. large momentum transfer q 2 in space-like region, and 
at threshold values of the invariant total energy of the produced 7 +p system, W) has also, by itself, an independent 
physical meaning 

The VCS process that we consider here is a large extrapolation in q 2 from the real Compton scattering (with 
q 2 = 0, but in the same region of W). Therefore it can be interesting for the understanding of the 'deformation' of the 
relative role of two possible mechanisms for VCS, the one-pion exchange (in the t— channel) and the A-excitation (in 
the s— channel). Both corresponding electromagnetic form factors, namely F^ 1 * 1 {q 2 ) (for the vertex 7* —> ir^f) and 
the magnetic form factor G(q 2 ) (for the vertex 7* AT — > A) are experimentally well known, in the space-like region, 
up to relatively large momentum transfer square. But the theoretical understanding of the q 2 behavior of these form 
factors lies on a different level. The q 2 behavior of F 7ri * 7 (q 2 ), in this q 2 region, has been well understood in terms of 
perturbative QCD [l2] ]: the good agreement between theory and experiment concerning this form factor is typically 
considered as one of the best successes of perturbative QCD. 

On the contrary, the situation with the magnetic form factor for the transition N — > A differs in many respects: 
the q 2 behavior deviates from the 'standard' dipole dependence; the hclicity conservation for the vertex ^y*N — > A 
at large momentum transfer is strongly violated. Recent JLab data [[u| on the process e~ + p — > e~ + A clearly 
show that, up to — q 2 = 4 GeV 2 , the form factor of the Ml-transition is still strongly dominating over the quadrupole 
(transversal and longitudinal) form factors, whereas helicity conservation predicts Q| that the magnetic and electric 
quadrupole form factors must be comparable (at large —q 2 ). 

Note also that the q 2 behavior of the mesonic F^ 1 - 1 {q 2 ) and the baryonic G(q 2 ) form factors are very different: 
the form factor for the 7*7T7-vertex has essentially a monopole dependence, F^ 1 - 1 (q 2 ) ~ 1/q 2 (for — q 2 > 2 GeV 2 ), 
whereas G(q 2 ) is characterized by a more steep ^-dependence, i.e.: 



Therefore, one can expect that the relative role of 7r-exchange increases with increasing — q 2 . 

Another interesting aspect of the suggested model (based on it + A-exchange) for 7* +p — > 7 +p is the complexity 
of the resulting amplitude, due to the A-contribution, which is at the origin of rich polarization phenomena. 



1 For a recent review on this subject, see [101 



II. MODEL FOR 7* + P -> 7 + P 



G(q 2 ) 



G D {q 2 ) 



with ml ~6 GeV 2 . 
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T-even polarization observables in VCS, induced by collisions of circularly polarized virtual photons with polarized 
proton target (7* + p — > 7 + p) as well as induced by collisions of circularly polarized virtual photons with unpolarized 
proton target, but with measurement of polarization of the outgoing proton (7* + p — > 7 + p) have to be calculated 
(in the framework of a model) as a necessary part of the program for the calculation of radiative corrections to the 
processes e"+p^e"+pore"+j)^e _ +p. 

Evidently the longitudinally polarized electrons interact with protons through circularly polarized virtual photons. 

-exchange can be written in the following form: 

2^ 



-^7*7(9 ) 



Mir = ig~ 2 £nvaP e V<lv e *a k l3 u (P2)j5u(Pl), (1) 

t — mi m T 



where t = (k — q) 2 , e and q (e and k) are the 4- vector of polarization and the 4- momentum of virtual (real) photon in 
7* + p — > 7 + p, g is the coupling constant of ir°pp- vertex, i 7 ' 7I . 7 « 7 (q 2 ) is the form factor of the 7r°7*7-vertex with one 
virtual photon, m w is the pion mass. Following the vector dominance model (VDM), the form factor F 7ri * 1 (q 2 ) can 
be parametrized in a simple way: 
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Piry*j\Q ) — ~ ^2~: 

where F^ characterizes the decay tt° — ► 77. A similar approach is working also for the heavy 77 c -meson fig] . The 
parameter my — 0.8 GeV, is comparable to the mass of p- and w-mesons. The constant F n can be estimated from 
the width of tt° — > 77: 

2 

r(7T° - 2 7 ) = —*Flm«. 

Using the value t(tt°) — 8.4 • 10~ 17 s |l5| ], one can find the following value: F 2 = 0.0140. The absolute sign of 
this constant can not be fixed, in this way. In principle this sign can be determined by the quark model or by 
QCD-considerations. 

The most convenient way to write the matrix element /A a (for A-excitation in s-channel) can be realized in the 
CMS of 7* + p — > 7 + p, using a 2-component formalism: 

e 2 /i 2 (A — > N) + i 

Ma = (M + m) 2 ^^ El +m ^ E2 + m )xi( S ab - -jO ahc a c )x\ 

9 1M 

where M{m) is the mass of A(iV), E\ and E2 are the energies of the initial and final protons in 7* + p — ► 7 + f>, 
which are described by the 2-component spinors xi an d X2, k and q are the 3- momenta of the real and virtual photon, 
/i(A — > AT) is the magnetic moment of the radiative decay A — > A + 7, T is the total width of the A-isobar. 

The presentation of the matrix element A4a in the form (||) has the following advantages, in comparison with its 
relativistic invariant, i.e. the Feynman formulation: 

• more simple and transparent evidence of the Ml nature of the two possible electromagnetic vertexes in the 
s— channel diagram, for 7* + p — > 7 + p; 

• essential simplification of the resulting matrix element; 

• avoiding problems with different off-mass shell effects, which enter in any relativistic description of Feynman 
diagrams with fermionic propagators, such as contributions of states with different values of spin and parity 
(virtual antibaryon contribution); 

• the gauge invariance of A4a contribution is automatically solved from both sides: for real photon (with polar- 
ization e) and for the virtual photon (with polarization e); 

• each part of the matrix element .Ma has evident physical interpretation. 
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Note that the matrix element Ma describes the single multipole transition for 7* + p — > 7 + p, namely 7* (Ml) + p — > 
7(M1) +p, which dominates in the A— region. The quadrupole vertexes for real and virtual photons in 7* + p — > A 
and A — > A" + 7 are negligible up to large momentum transfer |l| . 

Let us write the expressions which connect the radiation width A — > N + 7 with the transition magnetic moment 
fi(A — > iV). The starting point is the following formula for the matrix element which holds in the rest frame of A: 

M(A -> N + 7) = ' e x kJ^MjETm), 

v ,y M + m v ^ 

where E is the energy of the final N in A — > A" + 7. One finds: 

.2 \ 3 



r(A -> v + 7 ) = 



^ 2 <— f('-=0' 



Using the existing data from 0], concerning A — > V + 7, one finds: /i 2 (A — > A~ + 7) ~ 22. 

Summarizing this discussion, we can say that, in the framework of the suggested model, all important ingredients 
such as electromagnetic and strong coupling constants are fixed, as well as the q 2 behavior of both electromagnetic 
form factors for the vertexes ^7*7 and 7* A" — > A (in the space-like region). However we can do the following remarks, 
about this model: 

• In principle both diagrams (tt- and A-exchange) must contain phenomenological form factors: F(t)- for the 
t-channel and F(s)- for the s-channel. These form factors are not well known, and their presence may play 
a role in the preliminary estimation of the polarization phenomena for VCS, which is the primary aim of this 
work. One has to take care of the fact that the introduction of such form factors, (in any form) can not violate 
the electromagnetic current conservation for 7* +p — > j + p, with respect to the real and virtual photon, as well. 

• The combination M^ + Ma, as it was mentioned before, results in a complex matrix element, so the polarization 
phenomena in 7* +p — > 7 +p (the T-even and the T-odd as well) are, in principle, sizeable. 

• In the considered specific case of the process 7* +p — > 7 + p, which is of the second order in the electromagnetic 
constant (i.e. without strong interaction in the initial and final states), the delicate problem of the possible 
violation of Christ and Lee theorem is absent E^]. So with any relative phase phase of the matrix elements M^ 
and Ma, we can avoid the problem of the 'artificial' violation of the T-invariance of hadronic electromagnetic 
interaction, which is typically present in the discussion of processes of photo- and electroproduction of mesons 
on nucleons. 

Clearly the present model is well adapted also for the VCS on a neutron target, 7* + n — > 7 + n, with matrix 
element: 

M(-f*n -> 771) = -M n + Ma- 

So, the simultaneous study of both reactions, 7* + p — > 7 + p and 7* + n — > 7 + n in principle can allow to solve 
an old debate concerning the absolute sign of the product of two constants, gF^iO), which appeared in the literature 
concerning Compton scattering 40 years ago. In the present calculation we will consider both relative signs for tt- 
and A-contributions. This will also be indicative of the sensitivity of the observables to the M^ AlA-interference 
phenomenum. 

III. EXCLUSIVE CROSS SECTION FOR P(E, E'j)P 

The differential cross section for the exclusive process e~ +p — > e~ +p + 7, with detection of the final electron and 
proton can be written in the following form, which holds for the one-photon mechanism: 



d 3 a a 2 e 2 uj 1 1 



dE 2 dn e dn 64tt 3 ei mW 1 - e {-q 2 
X = Xq + XXi , 



-(E 1 +m){E 2 +m), 
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where e\ (e 2 ) is the energy of the initial (final) electron in the LAB system, ui is the real photon energy in the CMS of 
7* + p — > p + 7, dfl e (dQ) is the element of solid angle of the final electron (produced real photon) in LAB (CMS), e 

is the polarization of the virtual photon, e _1 = 1 — 2—^ tan 2 — , and 9 e is the electron scattering angle in LAB of the 

q z 2 

reaction e~ + p — > e~ + p + 7. The combination X = X + \X\ describes the dedependence of the differential cross 
section on the longitudinal polarization A of the initial electron (so the hclicity A e of the electron can be determined 
as A e = A/2) and on the polarization T of the proton target. 

Let us consider unpolarized collisions, where the X can be written in the standard form, in terms of four structure 
functions: 



X Q = Wi + ecos20VF 2 - 2e%W 3 - cos0,/2e(l + e)M^W 4 , 

q 2 y q 2 

where <j> is the azymuthal angle (between the plane of electron scattering and the plane of VCS). The real structure 
functions (SF) Wi have a dynamical origin and depend on three kinematical variables: the momentum transfer 
q 2 (< 0), the effective mass of the produced 775 system, W(> m), and the momentum transfer t = (k — q) 2 . It is more 
convenient to use, instead of t, the equivalent variable cos 6*, where 6 is the production angle of the real photon (in 
the CMS of 7* + p — > 7 + p), with respect to the three- momentum of the virtual 7*, with — 1 < cos 9 < 1, so that 
Wi = Wi{W,q 2 , cos 6). 

In order to calculate these SF's, let us define the electromagnetic current for the process 7* + p — > 7 + p as 
follows: 

M(-f*p -^p-y) = e^(k,q,pi,e), 

where e M is the four-vector of the virtual photon polarization, so that e • q = 0, with the current conservation q ■ J=0. 
The SFs Wi are determined by the following quadratic combinations of the components of this current: 

Wl = \Tr{J X J* + JyJ y *), 

W 3 = ^TrJoJ*, 
W 4 = \Tr(J x J* - J J y *), 

where the line over the products of the current components denotes the sum over the real photon polarizations. These 
expressions are correct in the coordinate system (for the process 7* + p — > 7 + p) where the z— axis is along the 
three-momentum q and the y— axis is orthogonal to the reaction plane. 

It is important that the electromagnetic current in the considered model is conserved, i.e. q ■ J=Q, so we can 
replace the longitudinal component J z , by the time component Jo, without violating the gauge invariance. 

The calculation can be, therefore, performed analytically, using the following expressions for the current components: 

Jx = A 1 +iS-B 1 , 
J y = A 2 +ia-B 2 , 
Jo = A 3 + ia- B 3 , 

with 

A\ = (e x cos 9 — e z sin 9)Ka , 
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A 2 = e y COS OK A, 
A 3 = 0, 



(3) 



5, 



fc 



K A + u>Q{\q\ - q cos 6)K„ 



B 2 = ^ ( esin^ - j AT A - [e^dq] - <? cos6>) + e z q sin6»] K^, 



B 3 = — QulqleyKn sin t 



where K^ and if a are: 



Q 



Ei + m E2 + m 



K« = 



m,r i — to 2 



4^ 2 (A^iV)G(g 2 )Mo;|g1 



3(M + to) 2 (IF 2 - M 2 + iMT) ' 
Using these formula one can find relatively simple analytical expressions for the SFs Wf. 



ir, = i(7 + 3cos 2 6») |^Ta| 2 + ^ 2 [(1 + cos 2 6)(q 2 + q 2 l ) - 4cos0g o |g|l ^ 2 A, 



W — m 

W + TO 



[|tf|(l + cos 2 61) - 2900086*] 



Si + TO 



[-<7o(l + cos 2 6l) + 2|g1cos6»] 



Vn = sin 2 (9 



VAT 2 A +u\q\ 



?0 



E\ + m Ei 



TZeK^K* A 



W 3 = sin 2 0ur|gTigA 



with 



Vn = -sin6»{2w 2 |g1(|gl - cos 0q o )K* A + [w{E x - m) cos9 - \q\{E 2 - m)] TUK^K\} , 



A- 



2w|gj cos 6 



Ei — to E2 — m 
Ei+m E 2 +m {Ex + m) {E 2 + m) ' 



As only the transversal virtual photon polarization in 7* +p — > 7+p is contributing for the s— channel A-cxcitation, 
the different terms which appear in the SFs Wi have a transparent meaning. The numerical results are shown in Fig. 
H and U for W\ to W4 from top to bottom. The columns correspond to — q 2 = 1, 3, 5 GeV 2 , from left to right. The 
solid, dashed, dotted lines correspond to W = 1.1, 1.232 , and 1.38 GeV. 

The SFs Wx and W 2 are positive and comparable in the considered kinematical region. The SF W3, which describes 
the absorption of virtual photon with longitudinal polarization is driven only by one-pion exchange. The ratio Ws/Wx 
is increasing with —q 2 , in accordance with the different behavior of the ^7*7 and 7*A^ — > A form factors. 

Fig. [| illustrates the relative role of the different contributions to the SF W\: in particular the one-pion exchange 
and the 7r x A-interference are important in the forward angular region. 
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IV. POLARIZATION OBSERVABLES 



Let us derive the dependence of the exclusive cross section p(e, cy)p on the target polarization T. In terms of the 
quantity X\ defined above, we can write: 



X l =rh-f[ y/l - e 2 T! - cos 2e(l - e )^|r T 2 



2 



-<f ■ f I v/l - e 2 T 3 - cos^W 2e(l - e )^^ r 4 



• f sin^y/ 2e(l - e)^|r T 5- 

The unit vectors, ft, q and m are defined as follows: 

~ q x fc *, <f - £, 

n = — , q = jzr, m = n X q. 

\qxk\ m 

The real structure functions Ti — T5, which characterize the T-even asymmetries for ep- interaction, can be calculated 
using the following expression: 





mj* 


- J y a 


■ mj*^ 




rnj* 


-Joo 






■qj* 


~ 3y° 


■ fJ x *) 




■ £7? 


~Jo3 


fry*) 



T 5 = -Tr (j x a ■ rtj* - J a ■ tij*} . 



Using the expressions (|3|) for the current components, J7x, Jy and j7o, one can find for the polarized structure functions 
Ti the following analytical expressions, which are valid in the considered model: 

Ti = sin 2 9 [u(Et - m) - Z cos 0\q\(E 2 - m)} TZeK v K* A , 
T 2 = -^sin6»cos6»|if A | 2 + \ sin 9 I (cos 6q - \q\)- ^ 



4 1 2 t v (Ei +m) 

{E 2 -m) [-5cos6»|g| + (2 + 3 cos 2 9)q ]} TZeK^K^, 
T 3 = sin9 [2oj(E 1 - m) cos6 + (1 — 3 cos 2 6»)|<f|(£:2 - m)] TleK^K* A , 

T 4 = + 3cos 2 9) \K A \ 2 + ~ I { ^f m) [(1 + cos 2 6)q - 2cos%1] 
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(E 2 - m) [q cos 6>(1 + 3 cos 2 0) + |g|(l - 5 cos 2 0)] } TUK V K* A 



T 5 = - sin 2 0u(E x - m)1ZeK n K A . 

Similar expressions can be found in case of unpolarized target and measurement of the polarization of the outgoing 
proton. Let's call P\ to P5 the corresponding polarized structure functions: 

Pi = - sin 2 [lj{E 1 - m) + cos6>|g1(.E2 - m)] KeK n K* A , 

P 2 = -7 sin cos |Xa| 2 + ^ sin0 ((Igl - cos 0g o ) 777— 7 — r + 
4 2 (i/i + m) 



(E 2 - m) [ZcosO\q\ + (2 + cos 2 % ] } KeK„K A , 



P 3 = sin [2lu(E 1 ~ m) cos - (1 + cos 2 0)\q\(E 2 - m)] TZeK w K A , 
Pa = - 7 (3 + cos 2 0) |if a | 2 + ( 777-^7 — r [(1 + cos 2 9)q ~ 2 cos 

(P 2 - m)\ [\q\{l + 3 cos 2 0) - g cos6»(3 + cos 2 0)] 1 TZeK n K A , 



P b = sin 2 6^(Pi - m,)neK v K A . 

So the numerical calculations for these polarized structure functions Tj ( W, q 2 , cos 0) and Pi (W,q 2 , cos 0) can be done 
in the same framework as for the calculation of the unpolarized structure functions Wi. More precisely, we show in 
Figs. H and ||the ratios T± = T\/W\, to 75 = T5/W1 (from top to bottom), which is more convenient for the analysis 
of polarization phenomena. Similarly, in Figs. ^ and || we show the ratios V\ = P\/W\, to V5 = P5/W1 (from top to 
bottom). 

The notations are as in Fig. ^| All these 'reduced' polarized SFs are comparable in absolute value, being in the limits 
±0.5. They are almost independent on q 2 , but depend strongly on W, in the considered interval. The ^-dependence 
is driven by the relative role of the two mechanisms. All polarized SFs show large sensitivity to the relative sign of 
the 7r and A-contributions (when W ^ M). 

It is necessary to keep in mind, that these large polarization phenomena, for VCS, have to be multiplied, (after inte- 
gration over the experimental acceptance) by the electromagnetic constant a, in order to have preliminary estimation 
of this effect on radiative corrections for elastic ep-scattering. We are aware that this is an oversimplified estimation, 
which can not be directly applied to the experimental observables in ep-elastic scattering, however it shows that a 
complete evaluation of radiative corrections to the precise ep-elastic scattering data of jjj have to include corrections 
due to VCS (and to its interference with the Bethe-Heitler mechanism). 



V. CONCLUSIONS 



We calculated the T-even polarization observables for virtual Compton scattering, for two cases: e + p — » e + p + 7 
and e+p — * e+p + 7 in particular kinematical conditions, at relatively large momentum transfer and for pj excitation 
energy from threshold to the A region. We used a realistic model for 7* + p — > 7 + p which takes into account two 
main contributions: the A-excitation in s— channel and the 7r-exchange in t— channel. The main advantage of this 
model is that the necessary parameters such as the strong interaction couplings and the electromagnetic form factors 
are well known. We considered polarized target effects as well as all components of the final proton polarization, in 
order to estimate the order of magnitude of polarization effects for VCS, considered as an independent interesting 
process. All calculated asymmetries and polarization components are large in absolute value (for W / M), showing 
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a specific scaling behavior, i.e. the considered polarization phenomena are nearly g 2 -independent. The polarized SFs 
are sensitive to the relative sign of two fundamental constants, g and F w . In this respect data from VCS at large 
momentum transfer could determine, in principle, this sign. 

We calculated all four unpolarized structure functions and shown the importance of the contributions due to the 
absorbtion of longitudinally polarized photons, through 7r-exchange. 

The extension to other polarization observables is straightforward. 

These results can be applied for the estimation of the corresponding contributions to radiative corrections to 
polarization phenomena in ep-elastic scattering. 
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FIG. 1. Relevant Feynman diagrams in the calculation of radiative corrections for ep-cattering: one-photon exchange (a); 
two-photon exchange (b-c); Bethe-Heitler mechanism (d-e); virtual Compton scattering (f). 
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FIG. 2. Feynman diagrams for 7* + p — > 7 + p: one-pion exchange in t-channel (a); A-echange in s-channel (b). 
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FIG. 3. Structure functions W\ to W4 from top to bottom as functions of cos#. The columns correspond to —q 2 = 1, 3, 5 
GeV 2 , from left to right. The solid, dashed, dotted line correspond to W — 1.1, 1.232, and 1.38 GeV. The calculation is done 
for the positive relative sign of A and 7r-contributions. 
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FIG. 4. Same as Fig. 3, for negative relative sign of A and 7r-contributions. 
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FIG. 5. From top to bottom: angular dependence of Wi, and of the different contributions to W\\ A, tv and A — 7r- interference 
for positive relative sign of A and 7r-contributions. Notations as in Fig. 3. 
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FIG. 6. Polarized 'reduced' structure functions Ti/Wi to T5/W1 from top to bottom as functions of cos9. Notations as in 
Fig. 3. The calculation is done for positive relative sign of A and ^-contributions. 
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FIG. 7. Same as Fig. 6, but for negative relative sign of A and 7r-contributions. 
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FIG. 8. Polarized 'reduced' structure functions P1/W1 to P5/W1 from top to bottom as functions of cos 6. Notations as in 
Fig. 3. The calculation is done for positive relative sign of A and 7r-contributions. 
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FIG. 9. Same as Fig. 8, but for negative relative sign of A and 7r-contributions. 
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